INTRODUCTION
Photothermal displacement technique (PD) [l] has been widely applied in past years for the study of material properties. The main advantage of the technique with respect to other photothermal techniques is its capability to perform measurements in vacuum and, therefore, at low temperatures. In particular the technique has recently been used to investigate the thermal properties of semiconductors at room temperature [2] and to determine the variation of thermal conductivity versus temperature in silicon [3] . Also in the case of thin films deposited on a substrate, the technique has been applied to the measurement of thin film thickness and the possiblity to separate the contribution of the film from that of the substrate has been indicated [4] .
On the other hand diamond-like carbon (DLC) films are successfully used because of their mechanical and thermal properties, as coatings in optical components and in abrasive and turning tools [S]. Whilst the mechanical properties of DLC films have been extensively investigated over the past years [6] , there is a lack of experimental data on thermal and thermoelastic properties of these films. Thermal properties of diamond and diamond like carbon films are difficult to measure owing to the high thermal conductivity of these films. The general approach is to confine the heat flow to the film by removing the substrate. Among the different techniques used for thermal characterization of diamond materials, thermal wavelmirage effect measurements have been suggested as a conctactless method, usable also for in situ characterization [7] .
Moreover, it must be underlined that thermal properties of DLC film are important from another point of view, that is to give information on the microstructure, impurity content and double bonds in the film. For instance it has been demonstrated that the presence of sp2 bonding decreases the thermal conductivity [8] . This kind of information seems to be even more useful if measurements are performed as a function of temperature. The paper presents the preliminary results obtained by the application of a PD technique on DLC films deposited by different methods on a silicon substrate in the temperature range 30-300 K.
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EXPERIMENTS
The basic principle of PD technique is well known (see Fig. 1 ). A modulated laser beam impinges over a sample; the absorbed light is converted into heat by nonradiative deexcitation processes. The sample expands as its temperature rises and the thermoelastic deformation of the surface is detected through the variation of the reflection angle of a probe laser beam. In the experiment described here [3] heating is provided by an Ar+ ion laser beam (514-nm) mechanically chopped at 65 Hz, with a power of 100 mW focused in a 100 pm spot. The probe beam is a He-Ne laser (633 nm), has a power of 5 mW and is focused to 50 pm. The slope of the surface displacement is measured by a position-sensitive detector (through the deflection of the reflected probe beam).
Fig. 1 Schematic representation of PD technique
The investigated samples were deposited by different techniques, in particular samples 1-3 were prepared in a RF sputtering system and samples 4-6 by plasma enhanced chemical vapour deposition. All the samples were deposited on a floating-zone (FZ) crystalline silicon substrate. Each sample was placed in the experimental chamber of a continuous He flow cryostat. Optical access was through vacuum sealed quartz windows. The sample temperature was accurately measured with a thin-film thermometer gauge attached to the sample holder. The relative distance between the pump and probe beam could be varied in the range 0-500 pm by means of a translation stage.
RESULTS AND DISCUSSION
The measurement procedure is similar to that described in ref. [3] , that is to perform measurements at a fixed temperature as a function of distance and at a fixed distance, in correspondence of the maximum of the PD signal, as a function of temperature. For bulk samples of doped silicon it has been demonstrated [3] that this method allows to determine the variation of thermal conductivity as a function of temperature. In fact, in the case of homogeneous samples, for a given experimental configuration (that is dimensions and power of the heating beam, sample thickness and Poisson's ratio), the PD signal amplitude depends on the thermal expansion coefficient, thermal conductivity and thermal diffusion length. The relation between PD signal and thermal expansion coefficient is of direct proportionality. On the other side, the relation between PD signal and thermal conductivity is through a factor, independent on the distance ro between the excitation and probe beam, and an integral in which the thermal conductivity is contained in the thermal diffusivity. It can be demonstrated that the dependence of the signal on ro is predominantly governed by lateral heat diffusion.
In the case of a layered structure the problem is more complex. The contribution of the thin film deformation to the total deformation , as can be deduced from relationship (37) of ref.
[4], is essentially connected to the ratio between the thermal expansion coefficients of film and substrate. In the case under study the contribution of the film should be particularly evident in the temperature zone in which the . silicon, ---: sample 2.
thermal expansion coefficient of substrate (silicon) crosses zero (1 10-130 K). Outside this zone, the signal amplitude is also related to the thermal conductivity values of the films Fig.2 reports the temperature variation of PD signal for an uncoated silicon sample and for samples 1-3.
For the uncoated silicon sample, the signal behaviour is characterized by a change of sign in correspondence to the value of zero crossing in the curve of the thermal expansion coefficient, as foreseen by the theory [I] . The presence of the film is evident in the other curves. It can be noticed that the lower curve corresponds to sample 3, which among the films deposited by sputtering is the one with highest hydrogen content (30 %). Fig. 3 reports the variation of PD signal as a function of the distance between the pump and the probe beam at room temperature for the uncoated sample and for samples 1 and 2. For all curves the slope gradually increases when the pump beam comes into the vicinity of the probe beam, than goes sharply to zero at the center of the overlap and roughly repeats itself when rg changes sign (the slight difference of form between the two parts of the curves is related to experimental conditions). For bulk materials, as uncoated silicon, the shape of the curve as a function of the distance is mainly related to the thermal diffusivity of the material. The thermal diffusivity can be determined by a best fit procedure between experimental data and theoretical model (relationships (6) and (7) of ref.
[I]). A value of 0.8 cm2/s was obtained for silicon. The procedure of the fit is described in detail in ref. [3] . The curves relative to samples 1 and 2 show a different behaviour, at low and high distances. At lower distances, the presence of the film is evident; at higher distances the signal approximates that of the uncoated silicon. An estimation (according to the method described in ref. [3] ), based on the assumption that lateral heat diffusion dominate the thermoelastic response, gives thermal diffusivity values of 1.2 cm2/s for sample 1 and 2.5 cm2/s for sample 2, which are reasonable if compared to the values of thermal diffusivity of amorphous carbon given in the literature. However, the contribution of heat diffusion in the substrate cannot be neglected.
In order to better study the contribution of the thin film deformation to the total signal, fig. 4 and 5 report the ratios between the signal measured on DLC samples, A, and the signal of the uncoated silicon sample, ASi , VS. temperature; fig. 4 is relative to samples 1-3, and fig. 5 to samples 4-6. The values of the ratio are normalized to 1 at room temperature for all the samples. The curves are characterized by a peak in the temperature zone were the value of the thermal expansion coefficient of silicon is near to zero, an experimental confirm of the importance nf the ratio between the thermal expansion coefficient of film film and silicon substrate for samples 4-6.
and substrate to the total PD signal. Moreover, the values of A/ASi are much larger for the samples deposited by sputtering than for the samples deposited by plasma enhanced chemical vapour deposition. This can be interpreted as due to the fact that the former deposition technique gives samples with values of sp2Jsp3 higher than the latter, that is films where the two-dimensional graphite-like structure is predominant with respect to three-dimensional diamond-like network. A further consideration is that for films deposited by the same technique, the A/ASi values are correlated to the hydrogen content, with higher values corresponding to higher hydrogen content, The dependence of the thermal expansion coefficient of thin films of amorphous silicon on the hydrogen content has been evidenced in [9J.
In conclusion, it has been confirmed that the PD technique can be applied for the characterization of thermal and thermoelastic properties of DLC films as a function of temperature. While in the case of bulk samples, under the hypothesis that the values of thermal expansion coefficient and specific heat are known, the technique allows to quantitative determine the variation of thermal conductity versus temperature [3] , in the case of thin film deposited on a substrate the interpretation of the experimental results is more complicate. However these preliminary results are in good qualitative agreement with the theoretical predicitons. The quantitative evaluation of the thermal conductivity, thermal diffusivity and thermal expansion coefficient require further investigation.
